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INTRODUCTION 
General Introduction and Literature Review: 
Parasites are organisms, which obtain their nourishment and fulfill their 
metabolic requirements from the host they live in (Cheng 1964; Smyth 1996). 
The digenetic trematodes comprise the largest group of monozoic 
platyhelminths that parasitize on a variety of host organs such as intestine, 
liver, gall bladder, blood, esophagus, lungs and swim bladder. Besides 
producing pathological effects, the parasites harm the host by depleting its 
vital nutrients like proteins, carbohydrate and lipid reserves apart from 
affecting micronutrient metabolism such as amino acid metabolism. 
Among the digeneans infecting the economically important fishes, 
Isoparorchis hypselobagri infects the swim bladder of the common catfish 
Wallago attu. Eggs normally exit the body of the infected host either through 
faeces, urine and sputum etc. Free-living miracidia hatch out of eggs and rest 
of the stages like sporocyst and redia develop in the intestine of molluscan 
host. Cercarial stages emerge from the snail and encyst in an arthropod, which 
may be eaten by catfish, where the adult parasite develops in the swim 
bladder. Life cycle of Isoparorchis hypselobagri involves two intermediate 
and a definite host. The first intermediate host is always a mollusk, the second 
intermediate host an arthropod and the definite host a vertebrate, the catfish 
Wallago attu. Adult /. hypselobagri inhabits the swim bladder of the catfish. 
In external morphology, Isoparorchis has a leaf-like translucent body 
and possesses an oral and ventral sucker and the testes are present at the para-
position. /. hypselobagri lives in an aerobic environment and can be 
maintained in vitro. It can survive up to six weeks in isotonic salt solutions of 
pR 9 (Srivastava and Gupta, 1977). The published evidence suggests that the 
presence of parasite in the swim bladder causes no obvious effect on the 
oxygen content of the swim bladder (Siddiqi and Nizami, 1975). However, the 
parasite mainly feed on the blood as evident from the presence of haematin in 
the gut of the parasite. 
Since the swim bladder where /. hypselobagri resides is a peculiar 
biotope, its gas contents and respiratory metabolism drew some primary 
attention. Hoar and Randal (1970) have reviewed the early literature on the 
content of the gases in swim bladders. Gas contents of swim bladders of fishes 
living near water surface resemble more with air in composition, while at 
greater depth the O2 becomes an increasing dominant component and the 
bottom dwellers living may be more N2 rich. Most of the quantitative 
information available on O2 consumption by digenetic trematodes had been 
contributed earlier by Vemberg (1963) and reviewed by Von Brand (1993). 
The swim bladder of W. attu contain rather sufficient quantity of O2 that 
ranges from 22 mmHg or 2.9 -7.9% of the swim bladder gas. Small amount of 
O2 were always present in the swim bladder (Nizami 1974). Since /. 
hypselobagri always live in an O2 rich environment and its survival rate is 
longer under aerobic rather than anaerobic conditions. Healthy and freshly 
collected flukes show rapidity in their wriggling movement. Hemoglobin, the 
most important respiratory protein of the Isoparorchis and of its host W. attu 
have been purified and native and their SDS-PAGE patterns compared. Both 
parasite and the host Hbs differ in that the parasite consists of single 15-17 kD 
chains, thus present in monomeric forms showing different electrophoretic 
mobilities (Rashid et al., 1993). Death of the parasite is characteristically 
indicated by the change in red color of chromoproteins to dull white. The 
myoglobin of Isoparorchis was isolated to homogeneity and it was found that 
there was four different globin isoforms. A tyrosine residue occurs at the 
distal position, and thus shows high oxygen affinity of the parsisite myoglobin 
(Rashid e/a/., 1997). 
Biochemical analysis indicates that alkaline phosphatases of different 
trematodes occupying the same habitat might have identical pH optima but 
different levels of enzyme activity. In Isoparorchis hypselobagri, three peaks 
of alkaline phosphatase activity have been observed and the optimum 
temperature for maximum enzyme activity is 40° C (Nizami et al., 1975). 
During in vitro culture under aerobic conditions, Isoparorchis excretes amino 
acids, amines, amides, ammonia, aldehyde, glycine, a-alanine, tyrosine, a-
amino carboxylic acids, hemoglobin, nitrogen, reducing materials, lactic, 
pyruvic, succinic, propionic and acetic acid (Nizami and Siddiqi, 1976). The 
parasite is also reported to have low level of the ascorbic acid (Tandon and 
Mishra, 1979). 
During the larval development protein turnover in parasites is of several 
order and magnitudes. The protein contents of the Isoparorchis ranged from 
56.25 to 67.5% with an average of 63.5 ± 4.6% of dry weight of tissue 
(Srivastava and Gupta, 1976). Leucine, valine, proline, alanine, glycine, 
glutamic acid and aspartic acid have been identified in the free amino acid 
pool of the Isoparorchis by chromatography along with relatively high levels 
of calcium, zinc and iron content (Srivastava and Gupta, 1976). Smce the 
parasite is oviparous, the polyphenol oxidase and melanin activity have been 
associated with the egg-shell formation (Srivastava and Gupta, 1978). 
Harma and Nizami (1990) have described the ultrastructure of the 
tegument of /. hypselohagri. According to these authors the tegument of 
Isoparorchis shows ultra structural features of the typical digenean body 
surface and in spite of the fact that the ventral tegument lies close to the swim 
bladder, structural elements between the tegument surfaces of parasite with 
relation to the host tissue is unspecialized. Numerous pyriform extensions of 
superficial parenchymal cells, however, exist on the dorsal tegument that is 
exposed to oxygen rich surroundings. 
Muscle and Myofibrillar Proteins: 
Reports dealing with biochemical aspects of pgirasite musculature and 
its protein repertoire are infrequent. In Urastoma cyprinae, a turbellarian of 
phylum Platyhelminthes possesses ribbon-shaped body wall consisting of 
circular, longitudinal and diagonal muscle fibers. The arrangement of these 
muscle fibers helps the parasite in bending motion during feeding (Hooge and 
Tyler, 1999). A similar kind of muscle fibers arrangement has been reported 
in Fasciola hepatica (Mair et al., 1998). Gross anatomy of the musculature of 
this digenetic trematode was visualized by confocal microscopy, using 
flourescein-isothiocyanate labeled phalloidin as a site-specific probe for 
filamentous actin, which is applied to whole mount preparation of the parasite. 
Recent publications suggest that in known instances of cestodes and 
trematodes myosin-II is the major contractile protein, which is the typical 
representative of both the striated and smooth muscle fibers. The myosin-II is 
included among the typical skeletal muscle myosin that remains the first and 
best characterized member of the myosin superfamily of genes. It is a 
hexamer characterized by the presence of a rod-like a-helical tail constituted 
by two identical polypeptides (myosin heavy chain = MyHC), which at N-
termini globularize to form two heads. One ATPase and one actin-binding 
sites is located within each head and one pairs of low molecular weight 
polypeptides (LCs) is non-covalently associated with each heavy chain 
(Cheney et al., 1992). 
Similar to vertebrate host, the myosin is also the principal structural 
protein of contractile apparatus of parasites. Myosin and some other 
myofibrillar proteins fi-om some parasites have been isolated and 
characterized. Myosin of Ascaris lumbricoides was isolated and characterized 
by Yamaguchi et al. (1973) who demonstrated that ATPase activities of this 
myosin were 3-4 times lower than the standard rabbit myosin ATPase. 
Recently, occurrence of type-II myosin, the typical skeletal muscle 
homologue has been identified and characterized in Tenia solium (Gonzales-
Malerva et al., 2004). More importantly, these authors demonstrated the 
expression of stage specific MyHC isoforms in different larval stages of the 
parasite. Actin and two isoforms of myosin-XIV, which typically have 
canonical myosin head domain and short, highly basic tail have been 
identified in Gregorina polymorpha (Heintzman, 2004). Occurence of 
myosin-II has been reported even in Entamoeba histolytica and regarded 
essential for the motility of this protozoan parasite (Coudrier et al., 2005). 
These finding strongly suggest the importance of the myosin-type in 
contractility of various parasites. 
Amino acid composition of myosin fi-om a myxomycete Plasmodium, 
Physarum polycephalum was found similar to that of muscle myosin, but it 
lacked cysteine (Hatano and Olmuma, 1969). The molecular weight of 
Plasmodium myosin also gave the same value as that of rabbit muscle myosin, 
but showed complete solubility in low ionic strength solution at pH 7.0. 
Electron micrographs revealed that similar to striated muscle myosin. 
Plasmodium myosin molecule has a rod like structure with a globular head on 
one end which consists of globular subunits, while the diameter of the rod 
region is 15-20 A°. Plasmodium myosin forms small aggregates at low salt 
concentration, including the physiological ionic strength of the parasite itself 
(Hatano and Takahashi, 1971). Recently, a novel regulatory mechanism of 
contraction has been discovered in Plasmodium, which is regulated by 
polymerization of new actin filaments (Schmitz et al., 2005). Muscle 
contraction in digenetic trematode Schistosoma mansoni has also been found 
to couple with the activation of protein kinase-C with phorbol esters that also 
enhances sarcolemmal Ca^^channel activity (Blair et al., 1994). 
The second next quantitatively prominent and functional participant in 
cellular motility and contraction is actin. Occurrence of isoforms of actin has 
been demonstrated in Schistosoma mansoni (Abbas and Cain, 1989). 
According to these authors the parasite has 7, and female has 5 different 
isoelectric forms, when analyzed by 2D-PAGE and confirmed by 
immunoblot. Vertebrate skeletal muscle actin exists in monomeric globular 
form of 43-45 kDa, which in the presence of Mg^^-ATP makes fibrous thin 
filaments. Actin with similar properties has been characterized from a number 
of invertebrate sources that includes Plasmodium falciparum. In electron 
micrographs, average length of actin filaments v a^s approximately 100 nm 
(Schmitz et al., 2005), which is the same as that of vertebrate skeletal muscle. 
There are few reports on the cloning and sequencing of the parasite 
muscle proteins also. Actin and tropomyosin have been cloned and sequenced, 
while 17 kD protein, myoglobin, has been immuno-localized in Clonorchis 
sinensis. It has been shown to possess 41% conserved homology with the 
myoglobin of /. hypselobagri (Chung et al, 2003). Gobert (1998) has 
demonstrated the stage-specific expression of the muscle protein paramyosin 
onto the parasite surface, an important consideration as a vaccine target. 
Cloning and sequencing of Clonorchis sinensis (a digenetic trematode) of 
tropomyosin revealed that its tropomyosin cDNA is 575 bp sequence 
containing one open reading frame of 191 amino acid, which revealed 86.3% 
homology with Schistosoma mansoni tropomyosin and 51.1% with 
Trichostrongylus colubriformis tropomyosin (Hong, 1993). Further cDNA 
encoding Schistosoma japonicum tropomyosin has been cloned and expressed. 
It is 91.1% identical at the nucleic acid level and 98.1% in deduced amino 
acid sequence to that of S. mansoni tropomyosin. The expressed product was 
about 32 kDa polypeptide (Cao and Lie, 2001). Similarly, a 2.6 Kb gene 
encoding full length paramyosin of S. japonicum was cloned and sequenced 
(Zhou et aL, 1999). No report has so far appeared on contractile proteins of/. 
hypselobagri. 
As already described, fresh water catfish Wallago attu is the definite 
host of /. hypselobagri. Skeletal muscle proteins of trunk and several other 
parts of teleosts have been extensively studied. It is also well known that 
different striated muscle types of teleosts may express different isomers of 
-200 kD myosin heavy chain (MyHC) as well as LCs (Kilarski and 
Kozolowska, 1987, Huriaux et al., 1992). 
Recent reports suggest that surface dwellers fishes are more agile than 
those living at depth or under less oxygen-rich ambient. The increased activity 
of surface swimmers directly corresponds to their rapid aerobic metabolism or 
its "up-regulated" state (Almeida Val et al., 2005). On the contraiy, 
evolutionary response in the deep-water fishes has been a slow-down or 
"down regulation" of the metabolism (Almeida-Val, et al., 2005) or switching 
over to anaerobic metabolism developed (Ahmad and Hasnain, 2005). Being 
bulk of the body mass, the tissue that must be a major participant and provides 
major support in this adaptation is the skeletal muscle. 
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In view of the above, the role of musculature in defining host-parasite 
relationship cannot be ignored. The Isoparorchis demonstrates considerable 
motility, while swim bladder, which is less contractile, is likely to have 
muscle proteins of either different type or properties. 
Statement of the problem: 
As reviewed above, the information on biochemical, physiological and 
sub-structural aspects of parasite musculature and muscle proteins are still 
inadequate. Parasites live in the metabolically complex microhabitat, the host 
parasite interaction may involve metabolic processes such as gaseous 
exchanges, electron transport, transport of inorganic and organic micro 
molecules as well as their metabolism. Variations in pH, the temperature and 
osmotic pressures also play an important role. 
Adjustments made by the parasite to adapt to the microenvironment of 
the host tissue is most likely to be reflected by the properties of the molecules 
which are participants in various metabolic processes. Since motility is one of 
the most prominent life activities of metazoans, the present work characterizes 
and compares the structural muscle proteins of Isoparorchis hypselobagri and 
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its habitat, the swim bladder of the host using myofibrillar preparations. 
Striated muscle proteins of the host, Wallago attu, have been included as the 
control. 
The progress of investigation on the following lines was considered 
suitable to collect some data on the envisaged problem. 
1 - To identify the substructure components of myofibrillar proteins of the 
parasite and swim bladder of the host by SDS-PAGE on the basis of 
molecular weights. 
2- To verify their chemical nature by immunological methods. 
3- To compare ATPase profiles under different assay conditions, so as to 
monitor pH optima of Ca and Mg activated enz>'matic activities of 
the parasite and swim bladder myofibrillar proteins. 
4- To ascertain muscle type(s) in the parasite by determining whether the 
contraction myosin-linked or mediated by regulatory proteins. 
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MATERIALS AND METHODS 
l .A. SOURCE O F CHEMICALS : 
Chemical 
Acrylamide 
Adenosine 5' triphosphate 
Ammonium molybdate 
Bis-acrylamide 
Bovine serum albumin 
Bromophenol blue 
Coomassie brilliant blue G250 
Calcium chloride (CaCy 
Ethylene diamine tetra acetic acid 
Fluorescent kit for Western blots 
Glycerol 
Glutaraldehyde 
Methanol 
Sodium dodecyl sulphate 
Phenyl methane sulphonyl fluoride 
Potassium chloride 
Silver nitrate (AgNO.i) 
TEMED 
Perchloric acid 
Tris (hydroxymethyl) aminomethane 
l-Amino-2-naphthol-4-sulphonic acid 
Source 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
CDH Chemicals (India) 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
Qualigens Fine Chemicals (India) 
Qualigens Fine Chemicals (India) 
Pierce Super signal (USA) 
Qualigens Fine Chemicals (India) 
Loba Chemie 
Merck / Qualigens Fine 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
Merck 
s.d. fme-chem. Pvt. Ltd. 
Sigma Chemicals (USA) 
CDH Chemicals (India) 
Sigma Chemicals (USA) 
CDH Chemicals (India) 
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2-mercaptoethanol CDH Chemicals (India) 
Routine chemicals such as acids, bases and salts etc. were of Analytical 
(AR) Grade. 
2. KEY T O INDIAN F I S H USED IN T H E PRESENT STUDY: 
The fish was identified according to the key given by Srivastava (1980) and 
classification adopted by him was followed: 
Wallago attu: 
Order: Cypriniformes 
Sub Order: Siluroidei 
Family: Siluridae 
Genus: Wallago 
Species: attu 
Length of head 5-5.5, caudal fin ~9cm, eyes with free lids, two pairs of 
barbells, maxillary about twice as long and the head and extend to the origin 
of anal fin. Dorsal fin is equal in length with pectoral. Pectoral fin has spine, 
finely serrated inside, caudal fin deeply forked. Color varies, but generally it 
is white with gray yellowish along the back. 
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3. K E Y TO IDENTIFY THE PARASITE: 
Isoparorchis hypselobagri: 
Phylum: Platyhelminthes 
Class: Trematoda 
Sub class: Digenea 
Order: Isoparorchida 
Family: Isoparorchidae 
Genus: Isoparorchis 
Species: hypselobagri 
Adult stage is parasitic in the swim bladder of catfish W. attu. Body is 
large, foliate and translucent. Two suckers present an anterior oral sucker 
surrounding the mouth at the anterior end and ventral sucker on the ventral 
surface. Oesophagous is very short. Hermaphrodite. Life cycle is complex 
involving two intermediate and one definite host. When fi-esh, red in color. 
4. SAMPLING : 
A. Locations and Procurement: 
Fish, caught from Nanau, Upper Ganges Canal, and swim bladder with 
parasitic infection were brought to the lab from local fish markets of 
Aligarh. White trunk muscle fi-om upper lateral side of the fish was 
collected to prepare the Natural Actomyosin (NAM). Swim bladder of the 
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same fish and the parasite residing in it were also collected and kept in 
normal saline (0.9%). 
GENERAL METHODOLOGY: 
Preparation of Myofibrils: 
Fish white trunk muscle, swim bladder and parasites were collected as 
described above. Finely minced muscles of each were homogenized in low 
ionic strength extraction buffer (25mM KClQ-S mM EDTA, 39 mM Na-
Borate pH 7.1, 0.5 mM PMSF and 2 mM 2-mercaptoethanol) at 2,000 
rpm, 4 °C for 10 min. Pellet so obtained was homogenized in chilled 
second extraction buffer (0.1 M KCl, while others were added as 
previously described). This step was repeated thrice and finally the pellet 
was suspended in equal volume of glycerol. 
Preparation of Natural Actomyosin (NAM) from swim bladder 
and the Parasite: 
It was prepared by extracting myofibrils with 0.6 M KCl in 25 
mM Tris-HCl (pH 7.5) containing 5 mM pyrophosphate, 
repeatedly, precipitated that was finally dissolved in 0.6M KCl 
(in 25 mM-Tris-HCl) and dialyzed against the same buffer. 
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Preparation of Natural Actomyosin (NAM) of Fish: 
White trunk skeletal muscle of anterior most dorso-lateral myotomes 
just behind the skull were dissected out and after wrapping in a 
polythene bag immersed in ice bath. NAM from the fish species was 
prepared by the method of Aral et al. (1973). PMSF or cocktail 
inhibitor tablets at each extraction step were added to contain 
proteolytic activity. Quality of preparations and integrity of myosin 
heavy chain (MyHC) was monitored by SDS-PAGE. 
Protein Estimation: 
Protein concentration of NAM / MF was estimated by Biuret method 
(Gomail et al., 1948) using Bovine Serum Albumin (BSA) as the standard. 
The absorbance was read at 520 nm. 
SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE): 
It was performed essentially following the protocol of Laemmli (1970). 
For general screening of NAM as well as MFs of swim bladder and 
Isoparorchis the gels contained 10% acrylamide (acrylamide30%: 
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bisO.8%), 1% SDS and 10% glycerol. Dimensions of the gel slabs were 
100x150x1mm. 
Samples were prepared by mixing equal volume of a protein sample with 
2x sample buffer (pH 6.8) (10% SDS, 2mM 2-mercaptoethanol, 20% 
glycerol, 0.001% w/v BPB) as in original protocol. Runs were made 
initially at lOmA/gel until the tracking dye entered the separating gel. The 
current was then raised to 25mA/gel and maintained throughout the entire 
duration of electrophoresis. 
Other solutions of SDS-PAGE system were: 
(i) Upper Tris : Tris Base, 0.125M adjusted to pH 6.8 with HCl. 
(ii) Lower Tris : Tris Base, 0.375M adjusted to pH 8.6 with HCL 
Just before polymerizing the gels, ammonium persulfate (10%) and 
TEMED were added to final concentrations of 0.3% and 0.03-0.05%, 
respectively. Tris-glycine of pH=8.3 (25mM and 0.25M) was used as 
Running Buffer. 
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Staining: 
a- Routine protein staining : 
For general protein staining, 0.25 gm% coomassie brilliant blue R-250 
dissolved in methanol: acetic acid: ddHiO (5:1:5) was used to stain the 
gels. Destaining was carried out in 7% acetic acid. 
b- Silver staining: 
Silver Staining of the SDS-PAGE gels of immunoprecipitate was 
performed by the method of Oakley et al (1980). The gels were 
sequentially treated with the following solutions as per the original 
protocol. 
1. Fixative 1: 50% methanol in 7.5% acetic acid 
2. Fixative 2: 5% methanol in 7.5%) acetic acid 
3. Fixative 3: 10% glutaraldehyde 
4. Developer: 0.05% citric acid; for each ml of 0.05% citric acid, 5 
1^1 of 37% formaldehyde solution was also added. 
5. Stain: 3.5ml 0.09M NaOH; 53 ml concentrated NH4OH and 8 ml 
of 20% AgNOs solution. 
Final volume made up to 250ml with distilled water. 
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The stain was made fresh. The gels were serially incubated in 300 ml of each 
fixative for 20 minutes. Thorough rinsing in large volumes of distilled water 
followed. At least four such changes were made before the final overnight 
rinse. Gel was kept in the stain till optimal staining. Following washing with 
distil water for 5 minutes, it was allowed to develop till the bands of desired 
intensity appeared. It was finally fixed in 7 % acetic acid. 
Documentation: 
Fresh specimen of the fish and the electrophoretic patterns of the gels were 
documented on 125 ASA black and white negative films or by gel-scans. 
6. MOLECULAR W E I G H T ESTIMATION: 
Molecular weights (Mr) of polypeptides resolved on SDS-PAGE were 
estimated by GelPro software (Cybernetics, USA) analysis. Chicken 
actomyosin was used as the marker. Scion-Image software system was 
used for densitometric analysis in order to estimate Mr or quantity of 
protein in individual bands in photoprints or gel-scans. 
7. ASSAY O F ATPase A C T I V I T I E S : 
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A. Ca^^-ATPase activity was assayed in a reaction mixture at final 
concentrations of-flimM CaC^, ImM ATP and 25 mM Tris-maleate 
(pH 7.0) or Tris-HCl buffer (pH 7.5) and appropriate amount of protein 
2.5-3 mg/ml (NAM or MFs). When salt concentrations and pH values 
were the variables, the additions were made according to the 
requirement of assay as described in the legend of respective figures. 
B. Mg^"^-ATPase activity was assayed as described above, except that 
MgCl2 was substituted for CaCl2 of the same molarity. The reaction 
mixture, however, contained 0.001 mM calcium also to bring assay 
conditions close to physiological ambience. 
Assays were carried out at 20°C and Pi liberated was estimated by the 
method of Fiske and Subbarow (1925). All the measurements were 
made at 640 nm on GENESYS-10 UV-Visible Spectrophotometer. 
8. CONTRACTILITY MEASUREMENTS : 
The contractility measurements of MFs of fish IV. attu, its swim bladder 
and parasite were estimated by the procedure of Sakamoto and Aral (1979) 
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at different pH values. MPs were packed by centrifiigation at 1,000 rpm 
and20°Cfor lOmin. 
Percent contractility of myofibrils was measured by using the formula: 
Contractility= (PVO-PVATP)/PVOX 100, where Pvo is the packed-volume of 
myofibrils before and after adding 1 mM Mg-ATP in the presence of 
CaCl, 
9. I M M U N O L O G I C A L C H A R A C T E R I Z A T I O N : 
A) Produc t ion of Ant ibodies : 
Actomyosin of W. attu was used as an antigen against which antibodies 
were raised. The antigen was administered intra-peritoneally in white 
rabbit. Each injection carried 500 mg of protein emulsified in equal volume 
of Freund's complete adjuvant. After the first injection, subsequent three 
booster doses were given via the same route at an interval of 10 days each. 
On a routine basis during immunization antibody titer was checked by 
Ouchterlony's double immuno-diffusion test (DID) after three days of each 
booster, and it was found to be maximum after second booster. The rabbits 
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were bled by marginal ear vein, and sera were collected after clot 
formation at room temperature. 
B) Collection and Decomplementation of Antisera: 
Free serum was collected by centrifugation at 1,000 rpm at room 
temperature for 10 minutes. The resulted antisera was decomplemented by 
incubation at 56^ C for 30 min followed by centrifugation at 20,000 rpm 
for 15 min (Talwar, 1983). The clear supernatant was taken, saved and 
stored at -20° C for immunological detection. 
C) Double Immuno-difTusion (DID) Test: 
The antigen-antibody reaction was carried out in 1 % agarose gel that was 
prepared in 0.02M phosphate buffered saline of pH 7.4with 0.2% sodium 
azide. Three wells were punched in at a distance of 5 mm in a triangular 
fashion and 100 jig of antigen was loaded against 20|j.i of antiserum. 
Antigen antibody complex was visualized in the form of precipitin arc by 
following the technique of Ouchterlony's double diffusion as described by 
Talwar (1983). 
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D) Staining: 
Slides were washed with 0.02M phosphate buffer saHne pH 7.4 for many 
times and stained with 0.25g % coomassie brilliant blue R-250 dissolved in 
1% acetic acid and 10% methanol. Destaining was carried out in 1% acetic 
acid. 
E) Immunoprecipitation : 
NAM of W. am (~200^g) with IX sample buffer (with out SDS and BPB) 
was incubated on the end-over-end rotator for 1 h followed by 
centrifugation at 15,000 rpm. To the resulting supernatant antisera was 
added and incubated overnight. As such to the content. Protein A+G 
agarose (1:1) was added followed by the incubation. Centrifugation was 
carried out at 15, 000 rpm for 5 min. Pellet was saved and washed four 
times with IX sample buffer at 15, 000 rpm for 2 min. The resulting pellet 
was suspended in IX sample buffer and screened on SDS-PAGE. 
F) Western Blotting: 
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Proteins from polyacrylamide gels to nitrocellulose membrane were 
transferred according to the established method of Maniatis et al. (1982) 
except a few modifications. The electrophoretic separation of proteins was 
carried out on 15% SDS-PA gels containing 20% glycerol according to the 
protocol of Laemmli (1970). The stock solutions in this technique were: 
(i) Transfer Buffer (1x; pH 8.3): 
Tris base 48 mM 
Glycine 39 mM 
SDS 0.039 % 
Methanol 20 % 
Distilled H2O to a final volume of 1 liter. 
(ii) Stain (Ponceau S): 
Ponceau S 0.2 g 
Trichloroacetic Acid 3.0 g 
Sulfosalicylic Acid 3.0 g 
Distilled H2O to a final volume of 100 ml. 
(iii) Phosphate buffered saline: 
NaH2P04.2H20 0.05M 
NaCl 0.15M 
pH adjusted to 7.1 with NaOH. 
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(iv) Blocking Solution: 
Non fat dried milk 5 % (w/v) 
Phosphate-buffered saline to a final volume of 100 ml. 
(v) Primary Reagent: 
Primary Antibodies : 0.5% Blocking Solution = 1 : 500 
(vl) Secondary Reagent: 
Secondary Antibodies : 0.5% Blocking Solution = 1: 2000 
(vii) Wash Buffer: 
Tween 20 (0.02 %) in phosphate-buffered saline. 
Outline of the Protocol: 
The protein was transferred on to the nitrocellulose membrane in the blot 
assembly (Genei Blot, mini dual) for an hour at a constant supply of 50 V; 
where the corresponding current and wattage were 150 mA and 8 W, 
respectively. The protein transfer was checked by incubating the 
membrane for 5 to 10 minutes in Ponceau S stain, after which the 
membrane was subjected to following processing steps: 
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i. Nitrocellulose membrane was washed with several changes of distilled 
water. 
ii. Membrane was incubated for 4 hrs in blocking solution (non fat dried 
miIk-5% in PBS, w/v) with gentle rocking in the incubator shaker at room 
temperature. 
iii. Washing was performed with three changes of wash buffer (Tween-20 = 
0.02% in PBS) of 10 minutes each. 
iv. The membrane was kept in the primary reagent (Primary Antibody against 
W. attu AM in a ration of 1: 250 in blocking solution) for overnight at 
room temperature with gentle rocking. 
V. The membrane was again washed with three changes of wash buffer of 10 
minutes duration each. 
vi. Immunological probing was performed by incubating the membrane in the 
secondary reagent, goat anti-IgG coupled with horseradish peroxidase 
(1:2,000 in blocking solution) for 4 hrs with gentle rocking. 
vii. Membrane was further washed with three changes of wash buffer of 10 
minutes each. 
viii. Wash buffer was drained off and the membrane was immersed for 1-2 
minutes in the substrate made by mixing the Chemiluminiscent Substrates, 
A and B in equal volumes and 20 ^1 of 30% hydrogen peroxide. 
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ix. The membrane was taken out from the container and tapped over the filter 
paper towel to drain off the extra substrate. 
X. The glow of the immunologically reactive polypeptide band(s) was 
recorded on an ultrasound film by putting a plastic transparency in between 
the two to avoid any damage caused by substrates to the ultrasound film. 
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RESULTS 
General structural features of the parasite and its host: 
As shown in Fig. lA, semi-transparent of the body of Isoparorchis 
hypselobagri permits visualization of internal structure along with the external 
morphological features, while the external features of the host Wallago attu 
are shown in Fig. 1 C. The key to identification of the parasite and the host 
has been outlined under Materials and Methods. The swim bladder of the host 
is a thin walled sac, typical of teleosts (Fig. IB). 
Sub-structural components of myofibrils and natural actomyosin (NAM) of 
the host, swim bladder and the parasite: 
Sub-structural elements (polypeptides) of vertebrate myofibrils (MFs) 
including teleost species are well documented. Excepting a few contaminants, 
the principal components (polypeptides) of natural actomyosin (NAM) are 
almost identical to those detectable in SDS-PAGE profiles of MFs. Typical 
SDS-PAGE profiles of NAM/MF fi-om white trunk muscle of Wallago attu 
(lane-2), its sv/im bladder (lane-3) and the parasite (lane-4) are displayed in 
Fig.2 and their molecular weight values listed in Table-1. SDS-PAGE profiles 
reveal that all known structural components of myofibrils, e.g. myosin heavy 
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chain (MyHC), actin and regulatory proteins, tropomyosin and troponins are 
present in skeletal muscle MFs of fV. attu (Fig. 2, lane-1). Low molecular 
weight components (light chains, LCs) of myosin in the range of 23-11 kD, 
are also present in this lane of MFs. As expected, all the main constituents 
identified in SDS-PAGE profiles of skeletal muscle MFs and listed in Table-1 
are as such present in electropherograms of NAM of W. attu also. Actomyosin 
prepared from swim bladder of the host, however, shows the presence of one 
heavy chain of about -200 kD and the other with a molecular weights of 146 
kD (Fig. 2, Lane-3). Available literature indicates that 146 kD band is 
paramyosin. 
A band of almost the same Mr (-200 kD) as MyHC of W. attu skeletal 
muscle myosin was present in MP as well as NAM preparations of the 
parasite (Fig. 2, Lane-4). A single band of actin having the molecular weight 
in the range of ~ 46 kD in chicken actomyosin is also detected in all the NAM 
prepared from fish, swim bladder and parasite. Whereas the bands of 
molecular weights (Mr) 39 kD and 42 kD values assigned to regulatory 
proteins tropomyosin and troponins clearly stacked in SDS-PAGE profiles of 
NAM of W. attu, and in NAMs of swim bladder and parasite. The presence of 
low molecular weight components could not be established beyond doubt. 
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Immunochemical identification: 
Ouchterlony's double diffusion test: 
Antigenicity of NAMs prepared from all the three sources was first 
checked by Ouchterlony's double diffusion method. The results are shown in 
Fig.3 A-C, which demonstrate that all the three NAMs cross-react with the 
antisera raised against actomyosin of W. attu, which was used as antigen. 
Western blotting: 
For further immunochemical identification, the initial choice was 
Western blotting. As the Fig. 4 shows, the ultrasound film reproduction of the 
blots was not quite encouraging. Depending on the dilutions of antisera, only 
one signal (fluorescent glow) in blot, indicating cross-reactivity of the strength 
that could be documented on film. Thus a single band in the heavy chain zone 
of the SDS-PAGE profiles of the host, its swim bladder and the parasite 
NAMs (Fig. 2) emitted fluorescence. GelPro analysis showed that the 
observed peptide has molecular weight equal to that of HC (Table-1). 
Immunoprecipitation: 
Immunoprecipitation was opted as an alternative approach. The 
precipitate of the cross-reacting proteins was analyzed by 10% SDS-PAGE 
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gels. A number of representative bands of myofibrils were detected in gel 
profiles (Fig. 5A-C), SDS-PAGE profiles of immunoprecipitate reveal the 
existence of peptides cross-reacted with the antisera. The Mr values of the 
bands, which precipitated out due to immuno-cross reactivity are listed in 
Table-2. It is obvious that bands corresponding to HC (Mr= -200 kD), actin 
(Mr= -46 kD) and LCs (Mr= -22, 19 and 9 kD) are prominently present in 
SDS-PAGE profiles of NAM preparations of the host, its swim bladder and 
the parasite. Bands having molecular weights of 95, 88, 55, 45, 18, 7 kD in ^. 
attu and swim bladder and in parasite shared Mr values (Table-2). 
Biochemical characterization: 
pH dependence of Ca^ ^ and Mg^ -^ATPase activities of white skeletal 
muscle NAM of the host (ff^ . attu): 
Activities with Ca and Mg ions as the activators were assayed at 
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20 C as a function of various pH values. In view of the effective buffering 
action within specific pH range, different buffers were used for these 
determinations. Buffers have been mentioned in the legend of the diagrams. 
One of the main differences in pH dependence plot is that there are two pH 
maxima inMg '^^ -ATPase (Fig. 6B), one around neutral pH and the other at 
alkaline pH of 8.0. The plot of Ca^^-ATPase displays only one maximum 
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around pH 8 (Fig. 6A), which is a shared characteristic of both of the 
ATPases. 
pH dependence of Ca^ ^ and Mg^ -^ATPase activities of NAM of swim 
bladder: 
Two maxima are a common characteristic of the plots of Ca and 
Mg'^-ATPases of swim bladder NAM (Fig. 7). The deep sinking of Ca^ "^ -
ATPase plot (Fig.7A), however, is apparent as shoulder between pH 6.8 and 
7.5. Apart from having nearly 10 times lower specific activity, the plot of 
Mg'^-ATPase (Fig.7B) is quite similar to that of the host skeletal muscle 
NAM. It is clearly biphasic with typical optima being at 6.8 and 8.0 pH 
values. 
pH dependence of Ca^ ^ and Mg^ -^ATPase activities of NAM from the 
parasite {Isoparorchis hypselobagri): 
Parasite NAM displayed Car* and Mg'"-ATPase activity plots of rather 
specific profiles. The two optima of pH dependent profiles of Ca^^-ATPase 
appeared almost merged in this case (Fig. 8A), since the decline at pH 7.5 that 
demarcates the pH optima at 6.8 and 8 clearly was absent. Ca^ -^ATPase 
activity around pH 6.8 was about four times as high as that of the host skeletal 
muscle and Mg -ATPase about two times. The difference was still more 
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prominent as compared to plot of swim bladder CA"^ ^ ATPase. Also, the plot 
of Ca^^-ATPase of parasite NAM shows an exceptionally high level of 
specific activity below pH 6.8. The distinctions of pH optima of Mg^^-ATPase 
of parasite NAM (Fig. 8B) were similar for the host and its swim bladder (Fig. 
6B and 7B, respectively). Two characteristic maxima were displayed, one at 
pH 6.8 and the other at 8.0. 
Physiological ATPase level of JV. atiu, swim bladder and /. hypselobagri at 
neutral pH: 
In Fig. 9, of Mg ATPase levels of the three investigated NAMs have 
been summarily compared at ~ pH 7.0, which is normally the physiological 
pH of the vertebrates. The parasite NAM exhibited highest specific activity ~ 
0.06 fiM Pi min/mg/protein. On the contrary, skeletal muscle NAM of W. attu 
and swim bladder NAM have specific activity levels of- 0.03 and 0.025 [iM 
Pi min/mg/protein respectively. 
Contractility profiles of myofibrils of the host (W, attu), swim bladder and 
the parasite (/. hypselobagri): 
The contractility of myofibrils (MFs) was determined at 20^0, the 
temperature at which the two ATPases were assayed. The pH values and 
different ionic strengths were the variables. The contractility was calculated 
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according to the formula given under Materials Methods. The composition of 
buffers of different pH and ionic strengths are mentioned in legends of Fig. 6. 
pH dependence of contractility: 
In contrast with the profiles of physiological ATPase (Mg -ATPase in 
the presence of trace Ca^^^.OlmM), contractility profiles were monophasic, 
showing only one maxima at alkaline pH values. The effect of pH changes on 
percent contractility plot of host myofibrils is different in comparison with 
that of the swim bladder and parasite myofibrils. In host, maximum 
contractility is obtained at slightly alkaline pH of 7.5 (Fig. lOA), whereas in 
swim bladder and parasite myofibril the maxima are observed at alkaline pH 
7.5 (Fig. 1 OB and IOC). 
Effect of chelating Ca^^on contractility: 
To understand and compare the role of Ca"^ ^ in the contraction of the 
catfish, its swim bladder and the parasite, contractility of the myofibrils was 
measured in the presence of 0.01 mM CaCl2 and also in its absence by adding 
0.5mMEGTA(Fig. 10). 
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The plot of contractility of myofibrils from the catfish (Fig. lOA), the 
swim bladder (Fig. lOB) and the parasite (Fig. IOC) were almost monophasic 
with one maximum around pH 7.5. As Fig. lOA shows upon adding EGTA, 
most prominent increase in contractility level was observed in host skeletal 
myofibrils. Swim bladder (B) and the parasite myofibrils (C) showed 
relatively less increase. However, the profile of the parasite myofibrils was 
host muscle like. 
At neutral pH, the similarity in the trend of calcium-chelation on host 
and parasite myofibrillar contractility is compared in Fig. 11. The swim 
bladder myofibrils contract distinctly less at this pH value. 
Fig. 12 compares the effect of pH on Vo, the initial packed volume in 
the presence of EGTA. As obvious, the Vo values, which is most striking in 
case of swim bladder at pH 6.8 (Fig. 12B) while the Vo profile of parasite 
myofibrils is on the trend of host skeletal muscle (Fig. 12C). 
Ionic strength dependence of the contractility: 
Myofibrils of the host, its swim bladder and the parasite display distinct 
differences in terms of KCl concentration dependence (Fig. 13). Below 0.15 
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M KCl, myofibrils of skeletal muscle of the host (Fig. 13 A) show the highest 
activity whereas in case of swim bladder and the parasite the trend is reverse 
(Fig. 13 B and C). In either case, the highest contractility is observed around 
O.IM KCl. In all the three cases the initiation of saturation is at 0.15M KCl 
concentrations. 
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Fig. lA-/: Live Isoparorchis hypselobagri in contraction showing few of 
the morphological features. 
2: Dead specimen displaying oral sucker (O), acetabulum (A) and 
uterus (U) devoid of bright red color. 
B, Photograph of the flattened fresh swim bladder. 
C. Photograph of the host, Wallago attu showing external features 
of the catfish. 
Key to identification of the parasite and the host given under Materials 
and Methods. 
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Fig. 2: Typical SDS-PAGE patterns of natural actomyosins (NAMs) 
from white skeletal muscle of Wallago attu (lane-2). swim 
bladder (lane-3) and the parasite, Isoparorchis hypselobagri 
(lane-4). 
Gels were 10% in polyacrylamide. Essentially the method of 
Laemmli (1970) was followed except that the gels also contained 
10% glycerol. Lane-M is chicken NAM, used as the marker. 
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Fig.3: Semi diagrammatic representation of precipitin arcs in 
Ouchterlony's double-diffusion agarose gel slides. 
The host (A), swim bladder (B) and the parasite (C) NAMs were 
tested against the antiserum raised in rabbit using skeletal muscle 
NAM of the host Wallago attu as the antigen. 
In Fig- As = Antisera, Ag = Antigen, Bu = Buffer. 
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Chicken 
NAM W.aUu I. hypselobagri 
Fig.4: Western blot of NAMs of the host W. attu (Lane-3), its swim 
bladder (Lane-6 and 7) and the parasite Isoparorchis 
hypselobagri (Lane-9). Anii-Wallago attu rabbit-antiserum was 
used as the source of primar>' antibody. Blots were developed 
with fluorescence kit of Pierce Super signal (USA). 
One signal each was recorded in high molecular weight range 
(~200kDa) in chick, W. attu and /. hypselobagri NAMs, whereas 
no signals were recorded for swim bladder NAM. 
* Details under Materials and Methods. 
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Fig.5: SDS-PAGE patterns of immuno cross-reactivity obtained 
following A+G-agarose mediated precipitates of different NAMs 
: A) W. attu, B) swim bladder and C) /. hypselobagri NAM. 
Lane-M in each Fig. is the chicken NAM marker; lane-2, control 
sera treated with A+G-agarose and lane-3, is the 
immunoprecipitate. 
Arrows in each Fig. show co-migrating polypeptides in all the 
three iramunoprecipitates of NAMs. 
Details of SDS-PAGE system were the same as in Fig 2. 
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Fig. 6: A and B : pH dependence of the Ca^ ^ and Mg*^  ATPase activities of 
W. attu NAM, respectively. 
ATPase assays were carried out at 20°C in a reaction medium 
containing 0.5M KCl, ImM ATP,-olmM CaClj or ImM MgCb and 
6mg/ml protein. 
For pH 6-6.8, Tris-maleate and for pH 7.5-8.5, Tris-HCl buffers 
were used. All buffers were 25mM in the final concentration. 
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Fig. 7: pH dependence of the Ca^ ^ (A) and Mg^ ^ ATPase activities 
(B) of swim bladder NAM. Protein concentration was 2.75 
mg/ml. 
Assays were made as described in the legend of Fig. 6. 
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+2 .+2 Fig. 8: A and B: pH dependence of the Ca and Mg ATPase 
activities of /. hypselobagri NAM. Protein concentration 
was 6.5 mg/ml. 
Assays were made as described in the legend of Fig. 6. 
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Fig.9: A comparison of activity levels of the Mg^ -^
ATPase of NAMs of the white skeletal muscle 
(of Wallago attu), whole swim bladder and 
the whole Isoparorchis hypselobagri at pH 
7.0. 
Each value in the bar is the mean of the 
triplicate experiments, run under the same 
condition. 
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Fig. 10: pH dependence of 
effect of chelating Ca ^ by 
adding 0.5 mM EGTA on 
contractility of myofibrils: 
A., W. attu; B, swim bladder 
and C, the parasite. 
The contractility was 
calculated according to the 
formula given under 
Materials & Methods. 
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Fig. 11: Representative bar diagram of the % 
contractility (without and with EGTA) of 
myofibrils of the white skeletal muscle (of 
W. attu), its whole swim bladder and the 
whole /. hypselobagri at pH 7.0. 
Each value in the bar is the mean of the 
triplicate experiments, run under the same 
condition. 
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Fig. 12: Dependence of the initial 
packed volume (Vo) of myofibrils 
of W. attu (A), whole swim 
bladder (B), and the whole /. 
hypselobagri (C) on the presence 
(blue line) and absence of Ca^ ^ 
(pink line). 
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Fig. 13: Effect of changing KCI 
concentrations on contractility of 
myofibrils of W. attu (A), whole swim 
bladder (B) and whole /. fn'pselobagri 
(C). 
Assay was carried out at 20°C in a 
reaction medium containing 0.5M 
KCI, 1 mM ATP, .01 mM CaClz, 1 
mM MgCl2 and protein in 25mM Tris-
HCl pH 7.5 while the concentration of 
KCI was varied. 
Protein concentration was as given in 
Figs 6-8. 
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Table: 1. Apparent molecular weights (kD) of polypeptides comprising white 
skeletal muscle NAM of W. attu and in the NAMs of swim bladder 
and/, hypselobagri. 
Boxes without any value indicate absence of polypeptide of 
corresponding molecular weights (Mr). 
Lanes Marker W. attu Swim bladder /. hypselobagri 
1 200 200 200 200 
2 146 
3 46 
4 45 45 45 
5 42 
6 39 39 
7 30 
8 X X X X 
9 23 
10 22 
11 17 X X X 
12 15 X X X 
13 14 
14 13 X X X 
15 12 12 
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Table: 2: Apparent molecular weights (kD) of polypeptides in the immuno-
precipitates of NAMs of W. attu, swim bladder and /. hypselobagri 
analyzed by Gel-Pro software system. 
anes Marker Control sera W.attu Swim bladder /. hypselobc igri 
1 200 200 200 
2 180 
3 160 
4 152 152 
5 146 
6 134 
7 116 
8 110 
9 102 
10 95 95 
11 93 
12 88 88 
13 85 
14 80 
15 78 
16 77 
17 65 
18 59 59 59 
19 55 55 
20 53 54 
21 51 
22 48 
23 47 
24 46 
25 45 45 45 
26 39 
27 27 
28 26 26 
29 25 
30 23 
31 22 
32 20 
33 19 19 
34 18 18 18 
35 17 17 17 17 
36 15 15 
37 13 
38 9 9 
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DISCUSSION 
Comparative studies on different organisms have attracted wide 
attentions from research workers in various biological disciplines, because the 
findings reflect the nature of adaptive strategies displayed by the organism to 
survive in a particular habitat. Because of the unique relationship between 
parasite and the microhabitat of specific organ it infects, morphofunctional 
plasticity of its proteins and enzymes become objects of specific interest from 
the viewpoint of comparative physiology and biochemistry. 
Adult Isoparorchis hypselobagri lives in the aerobic ambient of the 
swim bladder of the catfish Wallago attu (Nizami, 1974). In this dissertation 
an attempt has been made to find out the shared characteristics between 
myofibrillar proteins of the parasite and the swim bladder of the catfish. As a 
control and for additional information, sarcomeric (skeletal) muscle proteins 
of the host catfish have also been investigated. From lower to higher 
eukaryotes, ubiquity of a contractile apparatus determining motility is 
irrefiitable. Contractile system is important to the parasite from viewpoint of 
entry into and attachment to the host, reproductive coordination and 
subsequent survival in the afflicted organ. In most of the metazoans, not only 
the myofibrils are important functionally, but they also constitute bulk of the 
53 
body mass determining life style (Rome 1998). This is particularly true for 
almost all the teleosts including Wallago attu, where striated muscles makes 
the myotomal muscle mass (Bone 1978, Higgins 1990). 
In the known instance, swim bladder offish consisted of smooth muscle 
in the contractile apparatus (Yang et al., 2003). Though in both kinds of 
muscle, the major contractile proteins are myosin-II which aggregate to form 
thick filaments. Contraction is generated by sliding of the myosin thick 
filaments past the thin filaments (of actin) during the contractile process. 
There are two striking differences between smooth and striated muscle: 1), 
smooth muscle has no transverse partition in fibers; and 2), difference in Ca*^  
regulation of the contraction. Calcium ion triggered contraction of skeletal or 
sarcomeric muscle myosin requires the so-called regulatory proteins, troponin 
and tropomyosin (Ebashi et al., 1980, 1986), while in smooth muscle 
contraction is myosin linked (Kamm et al., 1989). A regulatory light chain of 
smooth muscle myosin performs Ca regulatory function, which is related to 
phosphorylation and dephosphorylation of the regulatory LC (Kendrick-Jones 
etal., 1976). 
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After a reasonably extensive survey of the literature, only few published 
reports on the purification and some properties of parasite myosin of could be 
recorded. These, as reviewed imder Introduction, include reports on myosin 
of Ascaris lumbricoides (Yamaguchi et al, 1973), on two isoforms of myosin-
XIV in Gregorina polymorpha (Heintzman, 2004) and the occurrence of type-
II myosin in Tenia solium and stage specific expression of MyHC isoforms in 
different larval stages (Gonzales-Malerva et al., 2004). These finding strongly 
suggest the importance of the myosin-type in contractility of various parasites 
at different stages of the life cycle. More recently, another novel contraction 
mechanism has been discovered in Plasmodium, where polymerization of new 
actin filaments regulates the contraction (Schmitz et al., 2005). 
Out of the large myosin multigene family, cestodes and trematodes 
have been shown to posses myosin-II as the major contractile protein, which 
is the typical representative of both the striated and smooth muscle fibers. 
According to evolutionary estimates, the non-muscle myosin/smooth muscle 
myosin groups, diverged quite early during evolution of the myosin multigene 
family that involved at least one gene duplication at the Actinopterygean level 
(McGuigan et al., 2004). ^ . ^ ^ ^ $ ^ ' " 5 ^ ^ ^ 
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Occurrence of both kinds of myosin was encountered during the present 
work. Striated or sarcomeric muscle myosin is unquestionable component of 
the host {Wallago attu) trunk muscle. Smooth muscle myosin is the most 
likely type in the swim bladder, while contractile apparatus of hoparorchis 
hypselobagri is largely made up by the striated muscle. The presence of 
paramyosin in the parasite myofibrils, stacking as a band of ~146 kD (Fig. 2) 
just below the MyHC (~200 kU), is a typical invertebrate characteristic. 
Presence and stage-specific expression of paramyosin in parasites is being 
looked upon as an important vaccine target (Gobert, 1998). 
As pointed out above, muscle in Isoparorchis hypselobagri may consist 
of striated type. Since paramyosin is present in its SDS-PAGE profiles (Fig. 
5), there is some minor contribution of smooth muscle, as well. However, 
myosin-II type MyHC has to be its principal component. This is indicated by 
the polypeptide composition of SDS-PAGE profiles of immunoprecipitate of 
its myofibrillar proteins (Fig. 5). The M^ . and polypeptide composition of 
Isoparorchis hypselobagri is also different fi-om isoforms of myosin-XIV 
discovered in Gregorina polymorpha, which typically have canonical myosin 
head domain and short tail (Heintzman, 2004). In SDS-PAGE profile of the 
Isoparorchis (Fig. 5), at least two light chains (as compared to one LC in 
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immunoprecipitate of swim bladder) and some other bands are present 
(indicated by arrows), which have M^ values more than the actin. These 
unidentified polypeptides or contaminants were persistent in host skeletal 
muscle NAM preparations, which were used as the antigen to raise polyclonal 
antibodies in rabbit. The presence of these bands along with MyHC of ^ 0 0 
kD, actin (=45 kD) and at least two LC suggest that immunological 
homologues of the host myofibrils are predominant in the Isoparorchis 
muscle. Smooth muscle of several invertebrates on the contrary, consists of 
one LC only (Kendrick-Jones et al., 1973). 
One of the most common approaches to discriminate myosin of 
different origin has been to assay ATPase of myofibrils, NAM or purified 
myosin under varying conditions. Some remarkable differences observed in 
the activities of the NAM/myofibril types investigated here were : 1), plots of 
physiological ATPase (Mg^^-ATPase in the presence of trace Ca^ )^ of 
sarcomeric muscle NAM of the host, of smooth muscle of the swim bladder 
and of the parasite were biphasic; 2), myofibrillar Ca^^-ATPase of the host 
skeletal muscle was about 10 times of its own Mg^^-ATPase, while the 
magnitude in case of the swim bladder and the parasite was half that of the 
skeletal myofibrils. In general, mostly the profiles conform to the general 
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trend documented for striated or smooth muscle actomyosin or myosin 
(Reviewed by Tonomura and Takeshita, 1972; Tonomura, 1986). At neutral 
pH, however, physiological ATPase of the parasite was the highest (Fig. 9) 
suggesting that its contractile system is similar to striated fast-muscle type. In 
this respect it differs from low ATPase activity recorded for Ascaris 
lumbricoides (Yamaguchi et al, 1973). 
Mg^^-ATPase and contractility have for long been considered to be 
parallel interactions. A method developed for in -vitro assay of contractility 
(Sakamoto and Aral, 1979) was employed here, which revealed that 
contractility plots are not as clearly biphasic as the Mg -ATPase plots 
monophasic (Fig. 6-9 and Fig. 13). An obvious reason is the high contractility 
around neutral pH that is >2 times of the ATPase levels. This suggests that in 
certain respect, the two assay systems display actin-myosin interaction in a 
different ways. Ca^^-sensitivity (the effect of chelating Ca^ )^ is, however, 
clearly shows a similarity in the profile of the parasite and the host muscle, 
again suggesting that its musculature is predominantly striated type. The pH 
optimum of the profiles is, however, at pH 7.5, rather than above pH 8, as 
shown by the host striated muscle myofibrils. It is worth mention that in 
digenetic trematode Schistosoma mansoni, sarcolemmal Ca'^ ^channel activity 
58 
(that releases the ion to trigger muscle contraction) is coupled with activation 
of protein kinase-C, which is enhanced phorbol esters (Blair et al., 1994). 
Dependence of Ca^^-ATPase on KCl concentration indicates that : 
either the solubility characteristic of the myofbrils of the host trunk, swim 
bladder and parasite muscle are different or, the actin myosin interaction is 
modified to different magnitudes at various salt concentrations due to 
differences in myofibrillar substructure. 
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SUMMARY 
The present investigation on myofibrillar complex of skeletal muscle proteins 
of the catfish, Wallago attu, its swim bladder and the parasite Isoparorchis 
hypselobagrU lead to the following conclusions : 
(1). SDS-PAGE profile of the myofibrillar protein complex extractablc by 0.6 
M KCl as natural actomyosin (NAM) out of the skeletal muscle of the catfish 
display the occurrence of polypeptides typical of type-II myosin. The well 
characterized polypeptides are: MHC (~200 kD), actin (46 kD), tropomyosin 
(39 kD), troponins (26-27, kD) and myosin LCs (23-13 kD). 
(2). NAM of the host skeletal muscle, of swim bladder and the parasite reveal 
the presence of precipitin bands with polyclonal anti-host NAM rabbit 
antiserum in Ouchterlony's double diffusion slides. Western blots showed the 
presence of antibody fi-action that interacts with MHC. 
(3). SDS-PAGE patterns of immunoprecipitates provide better details of 
antigen repertory, clearly displaying the presence of the immuno-reactivity 
against actin, myosin light chains, tropomyosin and troponins. 
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(4). Immunoprecipitates reveal the presence of one light chain (LC) of 
myosin in the swim bladder indicating smooth muscle-like musculature in it. 
Low ATPase activities also support the type of muscle it is comprised of. 
(5). Immunoprecipitate of Isoparorchis shows the presence of two LC in 
SDS-PAGE profiles. There are some unidentified bands, which are typically 
present as a contaminant in NAM preparations of the host skeletal muscle and 
at least one band that comigrated with its LC. Similarity of the Isoparorchis 
musculature with striated muscle of the host is suggested. 
(6). As for most of the other metazoan muscle myosin, Ca -ATPase was 
times higher than the physiological (Mg -ATPase in the presence of trace 
calcium ions), while some minor differences existed in pH dependence of 
profiles of the ATPsise, activated by compatible concentrations of Ca^ ^ and 
Mg^^ 
(7). Differences also existed in the effect pH on Ca^^-sensitivity (change in 
Mg ^-ATPase level upon removing Ca^ ^ ion from assay system) and the 
contractility. Parasite myofibrillar contractility showed a profile that 
resembles more with the striated muscle of the host than that of the swim 
bladder. 
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(8) The differences in Ca -sensitivity of the contractility and polypeptide 
composition in SDS-PAGE support the suggestion that muscles in 
Isoparorchis are largely (if not exclusively) made up by striated type, which 
has typically myosin-II homologue as the principal contractile protein. 
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